Semiconductor Vertical-External-Cavity Surface-Emitting Lasers (VECSELs) are the counterparts to the high power edge emitting lasers. The single chip edge emitting lasers are capable of multiwatts emission. This high power is often further increased by assembling of the individual chips in multi-emitter lines and matrixes. However those devices exhibit spectrally broad, multi transversal mode operations and strongly divergent beams. For a number of applications, for instance, requiring the efficient focusing, the laser emission has to be transformed into better quality beam. This can be done with VECSEL -an optically pump disc laser which is capable to emit high power of tens of watts, highly monochromatic, single TEM oo mode, Gaussian beams. The VECSEL profits from the unique geometry of epitaxial heterostructure which consists of a gain medium-quantum wells embodied in a vertical cavity. The cavity is formed by a single Bragg reflector and an external mirror located above the chip and playing the role of an output coupler. Such open resonator allows for the efficient optical pumping of the VECSEL structure over large area. The typical spot diameter exceeds 100 µm what allows for high power operation reducing the risk of degradation. In turn the adjustable external concave mirror allows for suppression of the high order transversal modes.
Semiconductor Vertical-External-Cavity Surface-Emitting Lasers (VECSELs) are the counterparts to the high power edge emitting lasers. The single chip edge emitting lasers are capable of multiwatts emission. This high power is often further increased by assembling of the individual chips in multi-emitter lines and matrixes. However those devices exhibit spectrally broad, multi transversal mode operations and strongly divergent beams. For a number of applications, for instance, requiring the efficient focusing, the laser emission has to be transformed into better quality beam. This can be done with VECSEL -an optically pump disc laser which is capable to emit high power of tens of watts, highly monochromatic, single TEM oo mode, Gaussian beams. The VECSEL profits from the unique geometry of epitaxial heterostructure which consists of a gain medium-quantum wells embodied in a vertical cavity. The cavity is formed by a single Bragg reflector and an external mirror located above the chip and playing the role of an output coupler. Such open resonator allows for the efficient optical pumping of the VECSEL structure over large area. The typical spot diameter exceeds 100 µm what allows for high power operation reducing the risk of degradation. In turn the adjustable external concave mirror allows for suppression of the high order transversal modes.
During the multiwatt operation of the VECSEL the optical power conversion is of the order of 40%. This imposes very strict requirements on the efficient heat extraction. The heat management within the chip determines the device operation temperature. For operation at this specific temperature the VECSEL heterostructure has to be designed, i.e. at this temperature the quantum well emission and cavity mode has to be tuned. This requires epitaxial fabrication of the heterostructures which are to the certain degree detuned at room temperature. This is because both the cavity mode and the quantum well emission change their spectral position with the temperature, however each with different thermal coefficient.
In this paper we demonstrate how the tuning of the VECSEL heterostructures can be precisely determined. The investigated heterostructure consisted of a GaAs cavity with six InGaAs QW located in adjacent antinodes of the resonant wave. Such design, known as resonant periodic gain allows for maximum confinement factor. The GaAs cavity was enclosed from the substrate side by a GaAs/AlAs DBR of 27 pairs and from the surface side by a AlGaAs window layer. This window layer λ/2 thick, is to suppress the surface nonradiative recombination of the photo-carriers generated by the pump beam.
The photoluminescence emission of a source enclosed by a microcavity is strongly modified by cavity modes. In case of the VECSEL the cavity finesse is low. This results in that the cavity mode and the QW signals are comparable in spectral width and amplitude. In order not to mistake them, the PL measurement should be taken as a function of the angle and temperature. Moreover, for strongly detuned heterostructures the QW emission can be obscured by the resonances present outside the DBR stop-band. Combining the temperature and angle resolved measurement permitted us to precisely determine QW emission features such as the wavelength, spectral width and the spectral uniformity of the emission of the multiple wells of active structure.
